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1
VEHICULAR BRAKING DEVICE

TECHNICAL FIELD

This invention relates to a vehicular braking device.

BACKGROUND ART

One type of a vehicular braking device has been known
for example, 1n the Patent Literature 1. In the vehicular
braking device shown 1n FIG. 1 of the Patent Literature 1, a
teed-forward control and a feed-back control for a linear
valve are executed so that the control hydraulic pressure
Pwc which corresponds to the wheel cylinder pressure of
cach vehicle wheel becomes the target hydraulic pressure
Pref. In the disclosure of the Patent literature 1, the vehicular
braking device 1s intended to achieve both improvement in
responsiveness of braking control and suppression of excess
responsiveness thereof which are normally not compatible.

CITATION LIST
Patent Literature

[Patent Literature 1] JP2005/35467A

SUMMARY OF INVENTION

Technical Problem(s)

There 1s a demand 1n the vehicular braking device dis-
closed 1n the Patent Literature 1 that both improvement 1n
responsiveness of braking control and suppression of excess
response thereof can be achieved 1n the case a hysteresis that
1s generated due to a response delay of output pressure
relative to the input pressure at the itial stage of the starting,
ol the pressure increasing operation or at the mitial stage of
the starting of the pressure decreasing operation.

Accordingly, this mvention was made in consideration
with the above-mentioned situation and the mvention per-
tains to provide a vehicular braking device which can
achieve both further improvements 1n responsiveness of
braking control and suppression of excess response thereof.

Solution to Problem(s)

The vehicular braking device according to the mvention
of claim 1 includes a hydraulic pressure generating device
which outputs an output pressure by the operation of an
inputted mput pressure, wherein the hydraulic pressure
generating device generates a response delay of output
pressure change relative to an mput pressure change at the
initial time of starting the pressure increasing operation or at
the 1nitial stage of starting pressure decreasing operation
when the output pressure 1s intended to be increased or
decreased. The vehicular braking device further includes a
first control portion which executes an excess response
suppression priority control that controls the input pressure
such that the output pressure 1s within a first area set based
on the braking target hydraulic pressure as a reference, a
second control portion which executes a responsiveness
priority control that cancels the response delay by increasing,
an increasing speed of the mput pressure or a decreasing
speed thereol more than the increasing speed of the input
pressure or the decreasing speed therecof at the excess
response suppression priority control and a switching por-
tion which switches over a control between the excess
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2

response suppression priority control executed by the first
control portion and the responsiveness priority control
executed by the second control portion based on a state of
the braking target hydraulic pressure.

Fftect of Invention

According to the invention of this application, even the
hydraulic pressure generating device generates a response
delay that 1s a delay of response of output pressure change
relative to the mput pressure change at the mnitial stage of
starting the pressure increasing operation or at the initial
stage ol starting the pressure decreasing operation, the
second control portion executes the responsiveness priority
control. As a result, the response delay can be cancelled to
thereby improve the responsiveness at the initial stage of
starting the pressure increasing operation or at the initial
stage of starting the pressure decreasing operation. Further,
the switching portion appropnately switches over the control
between the responsiveness priority control and the excess
response suppression priority control. Accordingly, the
invention can provide a vehicular braking device which can
achieve further improvements in responsiveness and at the
same time achieve the excess response suppression.

BRIEF EXPLANAITTON OF AI'TACHED
DRAWINGS

FIG. 1 1s an outline schematic view of a vehicular braking

device according to one embodiment of the invention;
FIG. 2 1s a block diagram of brake ECU indicated in FIG.

1; and
FIG. 3 1s a flowchart of a control program which 1s
executed at the brake ECU indicated 1n FIG. 1.

EMBODIMENTS FOR IMPLEMENTING
INVENTION

The embodiment of the vehicular braking device accord-
ing to one embodiment of the invention adapted to a vehicle
will be explained hereinafter with reference to the attached
drawings. The vehicle 1s equipped with a hydraulic pressure
braking force generating device A (vehicular braking device)
which applies brakes to the vehicle by applying the hydrau-
lic pressure braking force to directly to each vehicle wheel
Wil, Wir, Wrl and Wrr. The hydraulic pressure braking force
generating device A mcludes a brake pedal 11 which corre-
sponds to a brake operating member, a master cylinder 12,
a stroke simulator portion 13, a reservoir 14, a booster
mechanism 15 (hydraulic pressure generating device), an
actuator 16 (brake hydraulic pressure adjusting device), a
brake ECU 17, and a wheel cylinder WC, as shown 1n FIG.
1. The hydraulic pressure braking force generating device A
corresponds to the vehicular braking device.

The wheel cylinder WC restricts the rotation of the
respective wheels W and 1s disposed 1n the caliper CL. The
wheel cylinder WC serves as a braking force applying
mechanism which applies braking force to the wheels W of
the vehicle based on the pressure of the brake fluid (brake
hydraulic pressure) from the actuator 16. When the brake
hydraulic pressure 1s supplied to the wheel cylinder WC,
cach piston (not shown) 1n each wheel cylinder WC pushes
a pair of brake pads (not shown) which serves as a Iriction
member and squeezes a disc rotor DR which serves as a
rotational member rotating unitary with the wheel W from
both sides thereof to thereby restrict the rotation of the rotor
DR. It 1s noted here that in this embodiment, a disc type
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brake device 1s used but a drum type brake device may be
used. The wheel W means either one of the right/left
front/rear wheels Wir, Wil, Wrr and Wrl.

The brake pedal 11 1s connected to the stroke simulator
portion 13 and the master cylinder 12 via an operation rod
11a. A pedal stroke sensor 11¢ (hereinafter referred to also
simply as “stroke sensor”) which detects a brake pedal
stroke (operation amount: heremaiter referred to simply as
“stroke’) which corresponds to a braking operation state by
depression of the brake pedal 11 1s provided 1n the vicinity
of the brake pedal 11. The brake ECU 17 1s connected to this
stroke sensor 11¢ and the detected signal (detection result)
from the stroke sensor 11c¢ 1s outputted to the brake ECU 17.

The master cylinder 12 supplies the actuator 16 with the
brake fluid 1n response to the operation amount of the brake
pedal 11 (brake operating member) and 1s formed by a
cylinder body 12a, an 1mput piston 125, a first master piston
12¢ and a second master piston 12d, etc.

The cylinder body 12a 1s formed 1n a substantially bot-
tomed cylinder shape housing having a bottom surface
closed. The cylinder body 12a includes therein a partition
wall portion 1242 which extends mmwardly with a shape of
flange at the mner peripheral side of the cylinder body 12a.
A through-hole 1243 1s formed at the central portion of the
partition wall portion 1242 and 1s penetrating therethrough
in a front/rear direction. An inner circumierential surface of
the partition wall portion 12a2 1s provided with a through
hole 1243 at a central portion thereof, penetrating through
the partition wall portion 1242 1n front and rearward direc-
tion. The cylinder body 12a 1s provided with a first master
piston 12¢ and a second master piston 124 at an inner
peripheral portion thereof at a portion further front side than
the partition wall portion 1242. The first and the second
master pistons 12¢ and 124 are liquid-tightly movable 1n an
axial direction in the cylinder body 12a.

The cylinder body 12a 1s provided with an input piston
125 at an 1nner peripheral portion thereof at a portion further
rear side than the partition wall portion 1242. The input
piston 125 1s liquid-tightly movable 1n an axial direction in
the cylinder body 12a. The mput piston 125 slidably moves
within the cylinder body 12a in response to the operation of
the brake pedal 11.

The operating rod 11a which 1s operable 1n association
with the brake pedal 11 1s connected to the iput piston 125.
The input piston 125 1s biased 1n a direction where the
volume of the first hydraulic pressure chamber R3 expands,
1.€., 1n a rearward direction (right direction as viewed in the
drawing) by means of a compression spring 115. When the
brake pedal 11 1s depressed, the operating rod 11a advances
tforward overcoming the biasing force of the compression
spring 115. By this advance movement of the operating rod
11a, the mput piston 126 advances 1n association with the
movement of the operating rod 11a. When the depression
operation of the brake pedal 11 1s released, the mput piston
125 retreats by the biasing force of the compression spring
116 and 1s brought 1nto contact with a restriction projecting
portion 12a4 for positioning.

The first master piston 12¢ includes a pressurizing cylin-
drical portion 12¢1, a flange portion 12¢2 and a projecting
portion 12¢3 1n order from the front and these portions are
formed integrally as a unit. The pressurizing cylindrical
portion 12¢1 1s formed 1n a substantially bottomed cylinder
shape having an opening at a front portion thereof and a
bottom wall at a rear portion thereof. The pressurizing
cylindrical portion 12¢1 1s liquid-tightly movably provided
in the inner peripheral surface of the cylinder body 12a. A
coil spring-shaped biasing member 12¢4 1s provided 1n the
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4

iner space ol the pressurizing cylindrical portion 12c1
between the first master piston 12¢ and the second master
piston 124. The first master piston 12¢ 1s biased 1n a rear
direction by the coil spring 12c4. In other words, the first
master piston 12¢ 1s biased by the coil spring 12¢4 1n a
rearward direction and 1s finally brought into contact with a
restriction projecting portion 1245 for positioming. This
position 1s defined to be the mitial position (predetermined
position) at the time the depression operation of the brake
pedal 11 1s released.

The flange portion 12¢2 1s formed to have a larger
diameter than the diameter of the pressurizing cylindrical
portion 12¢1 and 1s liquid-tightly and slidably disposed on
an inner peripheral surface of a large diameter portion 12a6
in the cylinder body 12a. The projecting portion 12¢3 1is
formed to have a smaller diameter than the diameter of the
pressurizing cylindrical portion 12¢1 and i1s shidably in
liquid-tightly provided on the through hole 1243 of the
partition wall portion 12a2. The rear end portion of the
projecting portion 12¢3 projects into an 1nner space of the
cylinder body 12a, passing through the through hole 1243
and 1s separated from the inner peripheral surface of the
cylinder body 12a. The rear end surface of the projecting
portion 12¢3 1s separated from the bottom wall of the input
piston 126 and the separation distance 1s formed to be
variable.

The second master piston 124 1s arranged 1n the cylinder
body 124 at a front side relative to the first master piston 12c¢.
The second master piston 124 1s formed 1n a substantially
bottomed cylinder shape having an opening at a front
portion thereof. A coil spring 1241 which serves as a biasing
member 1s disposed 1n the 1nner space of the second master
piston 124 between the second piston 124 and a closed inner
bottom surface of the cylinder body 12a. The second master
piston 124 1s biased by the coil spring 1241 1n a rearward
direction. In other words, the second master piston 124 1s
biased by the coil spring 1241 towards a predetermined
initial position.

The master cylinder 12 1s formed by a first master
chamber R1, a second master chamber R2, a first hydraulic
pressure chamber R3, a second hydraulic pressure chamber
R4 and a servo chamber (driving hydraulic pressure cham-
ber) RS. The first master chamber R1 1s defined by the inner
peripheral surface of the cylinder body 12a, the first master
piston 12¢ (front side of the pressurizing cylindrical portion
12¢1) and the second master piston 124. The first master
chamber R1 1s connected to the reservoir 14 via the hydrau-
lic passage 21 which 1s connected to the port P14. Further,
the first master chamber R1 1s connected to the hydraulic
passage 40a (actuator 16) via the hydraulic passage 22
which 1s connected to the port PT5.

The second master chamber R2 1s defined by the inner
peripheral surface of the cylinder body 12q and the front side
ol the second master piston 12d. The second master chamber
R2 1s connected to the reservoir 14 via the hydraulic passage
23 which 1s connected to the port PT6. Further, the second
master chamber R2 1s connected to the hydraulic passage
50a (actuator 16) via the hydraulic passage 24 which 1is
connected to the port PT7.

The first hydraulic pressure chamber R3 1s formed
between the partition wall portion 1242 and the 1nput piston
126 and 1s defined by the inner peripheral surface of the
cylinder body 12a, the partition wall portion 1242, the
projecting portion 12¢3 of the first master piston 12¢ and the
111p11t piston 125. The second hydrauhc pressure chamber R4
1s formed at the side of the pressurizing cylindrical portion
12¢1 of the first master piston 12¢ and 1s defined by the large
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diameter portion 12a6 of the cylinder body 12a, the pres-
surizing cylindrical portion 12¢1 and the flange portion
12¢c2. The first hydraulic pressure chamber R3 1s connected
to the second hydraulic pressure chamber R4 via the hydrau-
lic passage 25 which 1s connected to the port P11 and the
port P13.

The servo chamber R5 1s formed between the partition
wall portion 1242 and the pressurizing cylindrical portion
12¢1 of the first master piston 12¢ and 1s defined by the 1nner
peripheral surface of the cylinder body 12a, the partition
wall portion 1242, the projecting portion 12¢3 of the first
master piston 12¢ and the pressurizing cylindrical portion
12c1. The servo chamber R5 i1s connected to an output
chamber R12 via the hydraulic passage 26 which i1s con-
nected to the port PT2.

The pressure sensor 26a 1s a sensor that detects the servo
pressure (driving hydraulic pressure) which 1s supplied to
the servo chamber RS and 1s connected to the hydraulic

passage 26. The pressure sensor 26a sends the detection
signal (detection result) to the brake ECU 17.

The stroke simulator portion 13 1s formed by the cylinder
body 12a, the input piston 125, the first hydraulic pressure
chamber R3 and a stroke simulator 134 which 1s 1 fluid
communication with the first hydraulic pressure chamber
R3. The first hydraulic pressure chamber R3 1s 1n fluid
communication with the stroke simulator 13a via the
hydraulic passages 25 and 27 which are connected to the
port PT1. It 1s noted that the first hydraulic pressure chamber
R3 1s in fluid communication with the reservoir 14 via a
connection passage (not shown).

The stroke simulator 13a generates on the brake pedal 11a
stroke (reaction force) which magnitude depends on the
operation state of the brake pedal 11. The stroke simulator
13a 1s formed by a cylindrical portion 1341, a piston portion
1342, a reaction force hydraulic pressure chamber 1343 and
a spring 13a4. The piston portion 1342 liquid-tightly slid-
ably moves within the cylindrical portion 1341 1n response
to the braking operation by the brake pedal 11. The reaction
force hydraulic pressure chamber 1343 1s formed between
and defined by the cylindrical portion 1341 and the piston
portion 1342. The reaction force hydraulic pressure chamber
13a3 1s 1 fluud communication with the first hydraulic
pressure chamber R3 and the second hydraulic pressure
chamber R4 wvia the hydraulic passages 27 and 25. The
spring 13a4 biases the piston portion 1342 1n a direction
where the volume of the reaction force hydraulic pressure
chamber 13a3 decreases.

It 1s noted that the first control valve 254 which 1s a
normally closed type electromagnetic valve 1s disposed in
the hydraulic passage 25. The second control valve 28a
which 1s a normally open type electromagnetic valve 1s
disposed in the hydraulic passage 28 which connects the
hydraulic passage 25 and the reservoir 14. When the first
control valve 25q 1s 1n a closed state, the fluid communica-
tion between the first and the second hydraulic pressure
chambers R3 and R4 1s interrupted. This fluid communica-
tion interruption keeps the constant separation distance
between the mput piston 1256 and the first master piston 12¢
to allow the coordinative movement therebetween. Further,
when the first control valve 25q 1s 1n an open state, the fluid
communication between the first hydraulic pressure cham-
ber R3 and the second hydraulic pressure chamber R4 1s
established. Thus, the volume change of the first and the
second hydraulic pressure chambers R3 and R4 caused by
the advance or retreat movement of the first master piston
12¢ can be absorbed by the transfer of the brake fluid.
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The pressure sensor 236 1s a sensor that detects the
reaction force hydraulic pressure in the second hydraulic
pressure chamber R4 and the first hydraulic pressure cham-
ber R3 and 1s connected to the hydraulic passage 25. The
pressure sensor 25b detects the pressure in the second
hydraulic pressure chamber R4 when the first control valve
23a 15 1n a closed state and also detects the pressure (or the
reaction force hydraulic pressure) in the first hydraulic
pressure chamber R3 which 1s 1n fluid communication with
the second hydraulic pressure chamber R4 when the first
control valve 25q 1s 1n an open state. The pressure sensor
25b sends the detection signal (detection result) to the brake
ECU 17.

The booster mechanism 15 generates a servo pressure in
response to the operation amount of the brake pedal 11. The
booster mechanism 15 1s a hydraulic pressure generating
device which outputs an output pressure (in this embodi-
ment, the servo pressure) by the operation of the mputted
input pressure (1n this embodiment, the pilot pressure) and
generates a response delay 1n which the change of the output
pressure relative to the change of the input pressure 1s
delayed at the mnmitial stage of starting of the pressure
increasing operation or the pressure decreasing operation
when the output pressure i1s mtended to be increasing or
decreasing. The booster mechanism 15 includes a regulator
15a and a pressure supply device 155.

The regulator 154a 1s configured to have a cylinder body
15a1 and a spool 1542 which slides 1n the cylinder body
15a1. The regulator 15a 1s formed by a pilot chamber R11,
the output chamber R12 and a hydraulic pressure chamber
R13.

The pilot chamber R11 1s defined by the cylinder body
1541 and a front end surface of a second large diameter
portion 15a2b of the spool 1542. The pilot chamber R11 1s
connected to the pressure decreasing valve 1566 and the
pressure increasing valve 1557 (hydraulic passage 31) which
are connected to the port PT11. A restriction projecting
portion 15a4 1s provided on the mner peripheral surface of
the cylinder body 1541 to position the spool 1342 by
contacting the front end surface of the second large diameter
portion 15a2b with the restriction projecting portion 15a4.
The mput pressure 1s inputted 1n the pilot chamber R11.

The output chamber R12 1s defined by the cylinder body
15a1 and the small diameter portion 15a42¢ of the spool
15a2, the rear end surface of the second large diameter
portion 15426 and the front end surface of the first large
diameter portion 15a2a. The output chamber R12 is con-
nected to the servo chamber R3S of the master cylinder 12 via
the hydraulic passage 26 which i1s connected to the port
PT12 and the port PT2. Further, the output chamber R12 1s
connectible with the accumulator 15562 via the hydraulic
passage 32 which 1s connected to the port PT13. The output
chamber R12 outputs the output pressure by the operation of
the input pressure.

The hydraulic pressure chamber R13 1s defined by the
cylinder body 1541 and the rear end surface of the first large
diameter portion 15a2a of the spool 15a2. The hydraulic
pressure chamber R13 1s connectible with the reservoir 15561
via the hydraulic passage 33 which 1s connected to the port
PT14. A spring 1543, which biases the spool 1542 1n a
direction where the volume of the hydraulic pressure cham-
ber R13 increases, 1s disposed in the hydraulic pressure
chamber R13.

The spool 1542 1s formed by the first large diameter
portion 15a2a, the second large diameter portion 154256 and
the small diameter portion 15a2¢. The first large diameter
portion 15a2a and the second large diameter portion 15a25
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are structured to be liquid-tightly movable within the cyl-
inder body 15¢1. The small diameter portion 15aq2¢ 1s
arranged between the first large diameter portion 15a2a and
the second large diameter portion 15426 and 1s formed
integrally therewith as a umit. The small diameter portion
15a2¢ 1s formed to have a diameter smaller than the first
large diameter portion 15a2a and the second large diameter
portion 15a2b. Further, a communication passage 15a5
which connects the output chamber R12 and the hydraulic
pressure chamber R13 1s formed 1n the spool 1542.

The pressure supply device 156 also serves as a drive
portion which drives the spool 15a2. The pressure supply
device 156 includes a reservoir 1561 which 1s a low pressure
source, an accumulator 1552 which is a high pressure source
that accumulates the brake fluid, a pump 1563 which pumps
the brake fluid from the reservoir 1561 into the accumulator
1562 and an electric motor 1564 which drives the pump
1563. The reservoir 15561 1s exposed to the atmospheric
pressure and the hydraulic pressure 1n the reservoir 15561 1s
the same level with the atmospheric pressure. The pressure
in the low pressure source 1s lower than the pressure 1n the
high pressure source. The pressure supply device 1556 1s
provided with a pressure sensor 1565 which detects the
pressure of the brake fluid supplied from the accumulator
1562 and outputs the detected result to the brake ECU 17.

Further, the pressure supply device 155 1s provided with
a pressure decreasing valve 1566 and the pressure increasing
valve 15b7. The pressure decreasing valve 15566 1s a nor-
mally open type electromagnetic valve which opens in a
non-energized state. The tlow-rate of the pressure decreasing
valve 1556 1s controlled by the instructions from the brake
ECU 17. One side of the pressure decreasing valve 15566 1s
connected to the pilot chamber R11 via the hydraulic pas-
sage 31 and the other side thereof 1s connected to the
reservoir 1561 via the hydraulic passage 34. The pressure
increasing valve 1557 1s a normally closed type electromag-
netic valve which closes 1n a non-energized state. The
flow-rate of the pressure increasing valve 1557 1s controlled
by the mstructions from the brake ECU 17. One side of the
pressure increasing valve 15567 1s connected to the pilot
chamber R11 via the hydraulic passage 31 and the other side
thereot 1s connected to the accumulator 15562 via the hydrau-
lic passage 35 and the hydraulic passage 32 which is
connected to the hydraulic passage 35.

The operation of the regulator 15a will be explained
briefly hereimnaiter. In the case where the pilot pressure 1s not
supplied to the pilot chamber R11 from the pressure decreas-

ing valve 1566 and the pressure increasing valve 1557, the
spool 15a2 1s positioned at the 1nitial position by means of
a biasing force of the spring 1543 (See FIG. 1). The mitial
position of the spool 1542 1s determined by the contact of the
front end surface of the spool 1542 with the restriction
projecting portion 15a4. This iitial position 1s the position
immediately before the rear end surface of the spool 15a2
closes the port PT14. As explained, when the spool 1542 1s
in the initial position, the port PT14 and the port PT12 are
in flmud communication with each other through the com-
munication passage 15a5 and at the same time the port PT13
1s closed by the spool 15a2.

In the case where the pilot pressure formed by the
pressure decreasing valve 15566 and the pressure increasing,
valve 1557 increases in response to the brake pedal 11
operation, the spool 1542 moves 1n a rearward direction
(right side 1n FIG. 1), overcoming the biasing force of the
spring 15a3. The spool 1542 moves to the position where the
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port PT13 1s open. Then, the port PT14 which has been in
the open state, 1s closed by the spool 15a42. (Pressure
increasing operation).

By the force balance between the pushing force at the
front end surface of the second large diameter portion
15a252 of the spool 1542 and the force corresponding to the
servo pressure, the position of the spool 1542 1s fixed. This
position of the spool 1542 1s defined to be the “holding
position”. The port P113 and the port P114 are closed by the
spool 15a2. (Holding operation).

In the case where the pilot pressure formed by the

pressure decreasing valve 1556 and the pressure increasing
valve 1557 decreases m response to the brake pedal 11
operation, the spool 1542 which 1s in the holding position
now moves in a frontward direction by the biasing force of
the spring 1543. Then, the port PT13 which has been 1n the
closed state by the spool 1542 keeps the closed state. The
port PT14 which has been in the closed state 1s open. Under
this state, the port PT14 and the port PT12 are in flud
communication with each other through the communication
passage 135a5 (Pressure decreasing operation).
The actuator 16 1s a device which adjusts the brake
hydraulic pressure to be applied to each wheel cylinder WC
and 1s provided with a first conduit system 40 and a second
conduit system 30. The first conduit system 40 controls the
brake hydraulic pressure to be applied to the left rear wheel
Wrl and the right rear wheel Wrr and the second conduait
system 50 controls brake hydraulic pressure applied to the
right front wheel Wir and the left front wheel W1l. In other
words, the condwt system 1s a front/rear conduit brake
system.

The hydraulic pressure supplied from the master cylinder
12 1s transmitted to the respective wheel cylinders WCrl,
WCrr, WC1r and WCH] through the conduit systems 40 and
50. In the first conduit system, the hydraulic passage 40a 1s
disposed which connects the hydraulic passage 22 and the
wheel cylinders WCrl, WCrr and in the second conduit
system 50, the hydraulic passage 50a 1s disposed which
connects the hydraulic passage 24 and the wheel cylinders
WCir, WCI. Through these hydraulic passages 40a and 50a,
the hydraulic pressure supplied from the master cylinder 12
1s transmitted to the wheel cylinders WCrl, WCrr, WClir and
WCHl.

The hydraulic passages 40a and 50a are branched to two
passages, 40al and 4042 and 50a1 and 50a2, respectively.
In the branched hydraulic passages 40a1 and 50a1, the first
pressure 1creasing control valves 41 and 51 which control
increasing of the brake hydraulic pressure to the wheel
cylinders WCrl and WClIr are disposed respectively and 1n
the branched hydraulic passages 40a2 and 5042, the second
pressure icreasing valves 42 and 52 which control increas-
ing of the brake hydraulic pressure to the wheel cylinders
WCrr and WCH], are disposed respectively.

These first pressure increasing valves 41, 42 and the
second pressure creasing valves 51, 52 are formed by a
two-position electromagnetic valve which can control the
valve state to the communication state and the interrupted
state. The first pressure increasing valves 41, 42 and the
second pressure increasing valves 51, 52 are formed by a
normally open type valve which controls the valve state such
that when the control current to the solenoid coil provided in
the first pressure increasing valves 41, 42 and the second
pressure increasing valves 51, 52 1s zero value (non-ener-
gized state), the valve becomes 1n a fluid communication
state and when the control current to the solenoid coil tlows
(energized state), the valve becomes 1n a fluid interrupted
state.




US 10,549,735 B2

9

The passage portions between the first and the second
pressure increasing valves 41, 42 and 51, 52 and the wheel

cylinders WCrl, WCrr and WCir, WCIl 1n the hydraulic

passages 40a, 50a are connected to the reservoirs 43, 53 via
the hydraulic passage 405, 5056 as a pressure decreasing
hydraulic passage, respectively. The first pressure decreas-
ing control valves 44, 45 and the second pressure decreasing
control valves 54, 535 which are formed by a two-position
clectromagnetic valve which can control the valve state to
the communication state and the interrupted state, are dis-
posed in the hydraulic passages 405, 505, respectively. The
first pressure decreasing valves 44, 45 and the second
pressure decreasing valves 34, 55 are formed by a normally
closed type valve which controls the valve state such that
when the control current to the solenoid coil provided 1n the
first pressure decreasing valves 44, 45 and the second
pressure decreasing valves 34, 55 1s zero value (non-ener-
gized state), the valve becomes 1n a fluid mterrupted state
and when the control current to the solenoid coil tlows
(energized state), the valve becomes 1n a fluid communica-
tion state.

The hydraulic passages 40¢ and 50¢, which are the return
hydraulic passages, are provided between the reservoirs 43,
53 and the hydraulic passages 40a and 50a which are the
main hydraulic passages. In the return hydraulic passages
40¢ and 50c¢, the pumps 46 and 56 are disposed which are
driven by the motor 47 and suction or discharge the brake
fluid from the reservoirs 43, 53 towards the master cylinder
12 side or towards the wheel cylinders WCrl, WCrr and
WCHr, W(CH] side.

The pumps 46, 56 suctions the brake fluid from the
reservoirs 43, 53 and discharges the same to the hydraulic
passages 40a, 50a thereby to supply the wheel cylinder
WCrl, WCrr and WC1r, WCHl side with the brake fluid.

The brake ECU 17 1s structured such that the detection
signals from the wheel speed sensors Stl, Srr, Sir and Srl
which are provided at the respective vehicle wheels Wi,
Wrr, Wir and Wrl are mputted thereto. The brake ECU 17
calculates the wheel speed of the respective wheels, a
presumed vehicle speed and the slip ratio, etc., based on the
detection signals from the wheel speed sensors Stl, Srr, Sir
and Srl. The brake ECU 17 executes anti-skid control (ABS
control) based on the calculation result.

Various controls using the actuator 16 are executed at the
brake ECU 17. For example, the brake ECU 17 outputs the
control current that controls the various control valves 41,
42, 44, 45, 51, 52, 54 and 55 and the motor 47 which drives
pumps provided in the actuator 16 to control the hydraulic
pressure circuit 1n the actuator 16 to thereby independently
control the respective wheel cylinder pressure transmitted to
the wheel cylinders WCrl, WCrr, WCir and WCIl. For
example, the brake ECU 17 executes the anti-skid control
which prevents the wheels from locking by executing pres-
sure decreasing, pressure increasing and holding operations
when the vehicle wheels are about to slip 1n a braking
operation, or executes a stability control (sideslip prevention
control) which turns the vehicle with an ideal locus by
suppressing the sideslip tendency (under steer or over steer
tendency) by automatically pressurizing the wheel cylinder
pressure of the control subject wheel.

The brake ECU 17 includes an operating amount obtain-
ing portion 17a, a braking target hydraulic pressure calcu-
lating portion 17b, a hydraulic pressure obtaining portion
17¢, a spool position deriving portion 174, a first control
portion 17e, a second control portion 17f and a switching,
portion 17g.
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The operating amount obtaining portion 17a obtains the
operating amount of the brake pedal 11 (operating amount
associating with the brake operation: stroke) from the stroke
sensor 11c¢. It 1s noted that the operating amount obtaining
portion 17a may obtain an operating force detected by a
sensor which directly detects the operating force (for
example, stroke) acting on the brake pedal 11, instead of
obtaining the operating amount of the brake pedal 11.

The braking target hydraulic pressure calculating portion
175 obtains the stroke from the operating amount obtaining,
portion 17a, and calculates the braking target hydraulic
pressure 1n accordance with the operation state (for example,
the stroke) of the brake operating member or in response to
a demand from other system. For example, the braking target
hydraulic pressure corresponds to the braking target hydrau-
lic pressure of the servo pressure. Further, the braking target
hydraulic pressure may be the braking target hydraulic
pressure ol the master cylinder pressure. (In such case, it 1s
preferable to additionally provide a pressure sensor which
detects the master cylinder pressure). Further, the braking
target hydraulic pressure calculating portion 175 provides a
map which indicates the correlation between the stroke and
the braking target hydraulic pressure, and calculates the
braking target hydraulic pressure based on the map. Regard-
ing the above mentioned another system, for example, a
pre-crash system can be applicable, which prevents the
collision of the vehicle by automatically generating the
braking force when the vehicle 1s detected to be 1n a high risk
of collision.

The hydraulic pressure obtaining portion 17¢ obtains the
servo pressure (actual hydraulic pressure which 1s actually
generated) 1 the output chamber R12 from the pressure
sensor 26a. The servo pressure obtained by the hydraulic
pressure obtaimng portion 17¢ 1s outputted to the later
explained spool position deriving portion 174, the first
control portion 17¢ and the switching portion 17¢.

The spool position deriving portion 174 derives the rela-
tive position of the spool 1542 relative to the cylinder body
15a1 (hereinafter, referred to also as “spool relative posi-
tion”). According to the embodiment, the spool position
deriving portion 174 presumes the position of the spool.
However, the position of the spool can be directly detected
and 1n such case, the spool position deriving portion also
includes a deriving of direct detection. The spool position
deriving portion 174 functions as the spool position obtain-
ing portion when the spool position 1s obtained by a sensor
which directly detects the position of the spool.

The spool position dertving portion 174 derives the spool
relative position based on the servo pressure obtained by the
hydraulic pressure obtaining portion 17¢. It 1s a prerequisite
for this deriving method that the servo pressure 1s generating
(In particular, there 1s a change in the servo pressure). In
concrete, the spool position deriving portion 174 derives the
relative position according to the following mathematic

formula M1:

Spool Relative Position=(Servo Pressure Change
Amount APs/Rigidity Ka of Pilot Chamber

R11)/Area S of Regulator 15a) (M1)

In this mathematic formula M1, “Servo Pressure Change
Amount APs/Rigidity Ka of Pilot Chamber R11” represents
the hydraulic fluid amount (volume) of hydraulic fluid
flowing into or out of the pilot chamber R11 when there 1s
a change in the servo pressure. The unit of the “Servo
Pressure Change Amount APs” 1s Pascal and the unit of
rigidity Ka of the pilot chamber R11 1s Pascal/cm3 (or
pascal/cc).
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When the hydraulic fluid amount in the pilot chamber R11
changes, the pressure 1n the pilot chamber R11 changes, 1.e.,
the volume of the pilot chamber R11 changes. The spool
1542 1s held to the position where a force corresponding to
the pressure 1n the hydraulic pressure chamber R13 balances
with a force corresponding to the resultant force of the force
corresponding to the pressure in the pilot chamber R11 and
the biasing force of the spring 15a3. (Holding position).
Under this state, the pressure in the hydraulic pressure
chamber R13 and the pressure in the output chamber R12
become the same level pressure. In other words, the change
amount of the servo pressure and the change amount of the
pilot pressure are the same and accordingly, “Servo Pressure
Change Amount APs/Rigidity Ka of Pilot Chamber R11”
represents the hydraulic fluild amount (volume) of the
hydraulic fluid flowing into or out of the pilot chamber R11
when there 1s the change 1n the servo pressure.

It 1s noted that the absolute position of the spool 1542
(heremafiter referred to also as “spool absolute position™) can
be calculated with respect to a randomly set reference
position PO. In other words, the absolute position of the
spool 1542 1s calculated by adding or subtracting the above
derived spool relative position to or from the reference
position PO. The reference position PO can be set to an 1dling,
position at the pressure increasing operation in the initial
stage of brake pedal 11 depression, a holding position under
the brake control being executed or the 1dling position at the
pressure decreasing operation.

The area S of the regulator 15a corresponds to the
cross-sectional area of the bore of the cylinder body 15a1
and further, the area S of the regulator 15a corresponds to
the pressure receiving surface of the rear end surface of the
first large diameter portion 15a2a of the spool 1542 and the
pressure receiving surface of the front end surface of the
second large diameter portion 15a2b of the spool 15a2. The
magnitude of these the areas 1s the same with the cross-
sectional area of the bore of the cylinder body 154l.

The spool position deriving portion 174 derives the spool
relative position based on the hydraulic fluid amount in the
pilot chamber R11. This method can derive the spool relative
position even when the servo pressure 1s not generated, or
when the servo pressure 1s at a constant pressure that 1s equal
to or more than zero (0). In concrete, the spool position
deriving portion 174 derives the spool relative position by
the following mathematic formula (M2):

Spool Relative Position=Hydraulic fllud Amount ¥

in Pilot Chamber/Area S of Regulator 13a: (M2)

Wherein, the “Hydraulic fluid Amount V 1n Pilot Chamber™
corresponds to the hydraulic fluid amount of the brake fluid
in the pilot chamber R11. This hydraulic fliud amount V 1n
the pilot chamber 1s not actually detected, but i1s calculated
from the obtained pilot flowing into or out of hydraulic fluid
amount from the time the braking operation starts up to the
current time.

It 1s noted that in this method, the absolute position of the
spool 1542 ca be calculated based on a randomly decided
reference position PO. In other words, the absolute position
of the spool 1542 1s calculated by adding or subtracting the
derived spool absolute position above to or from the refer-
ence position PO. The reference position PO can be set to an
idling position at the pressure increasing in the initial stage
of brake pedal 11 depression, a holding position under the
brake control being executed or the idling position at the
pressure decreasing operation.

The first control portion 17¢ executes an excess response
suppression priority control that controls the pilot pressure
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(1nput pressure) such that the servo pressure (output pres-
sure) 1s within a first area set based on the braking target
hydraulic pressure, as a reference pressure. It 1s noted that
the first area 1s an area formed by the value separated from
the center of the braking target hydraulic pressure by a first
judging threshold value. The lower limit value of the first
area 1s a value of the braking target hydraulic pressure
subtracted by the first judging threshold value and the upper
limit of the first area 1s a value of the braking target hydraulic
pressure added by the first judging threshold value. In more
detail, the first control portion 17e adjusts the pilot pressure
by controlling the pressure supply device 1556 to perform a
teed-back control or a feed-forward control such that the
detected servo pressure (actual servo pressure) becomes the
braking target hydraulic pressure. The first control portion
17¢ 1nputs the braking target hydraulic pressure from the
braking target hydraulic pressure calculating portion 1756
and at the same time 1puts the hydraulic pressure (actual
servo pressure) from the hydraulic pressure obtaining por-
tion 17c¢.

For example, the first control portion 17e¢ adjusts the
pressure decreasing valve 1556 and the pressure increasing
valve 15567 so that the difference between the braking target
hydraulic pressure and the actual servo pressure becomes
decreased. (Feed-back Control). Further, the first control
portion 17¢ may adjust the pressure decreasing valve 1566
and the pressure increasing valve 15567 1n advance so that the
difference between the braking target hydraulic pressure and
the actual servo pressure may not be generated. (Feed-
torward Control). Further, the first control portion 17¢ may
execute both of the feed-back control and the feed-forward
control.

The second control portion 17f executes a responsiveness
priority control which cancels the response delay of the
booster mechanism 135 by raising the pressure increasing
speed or the pressure decreasing speed of the pilot pressure
(input pressure) higher than that in the excess response
suppression priority control. For example, the second con-
trol portion 17/ controls the pilot pressure by driving the
spool 1542 by controlling the pressure supply device 155
(drive portion) based on the spool relative position (or the
spool absolute position) derived by the spool position deriv-
ing portion 17d. In other words, the second control portion
17f calculates the control flow-rate corresponding to the
spool relative position and controls the pressure supply
device 155 (particularly, the pressure increasing valve 1557
and the pressure decreasing valve 1556) to have the flow-
rate to be the calculated control tlow-rate.

When the regulator 15a 1s shifted from the holding state
to the pressure increasing state, the second control portion
17f enlarges the change width per unit time of the pilot
pressure in a direction where the output pressure increases
more 1n a case where the relative position derived from the
spool position deriving portion 174 1s within a range from
the relative position 1n the holding state (for example, the
holding position) to the relative position that the spool 1542
has shidably moved by a pressure increasing overlapping
distance (1dling position at the pressure increasing opera-
tion) than in a case where the relative position of the spool
15a2 1s out of the range (for example, the relative position
1s 1n further pressure increasing side than the idling position
at the pressure increasing operation). In other words, the
second control portion 17/ increases the control flow-rate
(low-rate per unit time) to the pilot chamber R11.

When the regulator 15a 1s shifted from the holding state
to the pressure decreasing state, the second control portion
17f enlarges the change width per unit time of the pilot
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pressure in a direction where the output pressure decreases
more 1n a case where the relative position derived from the
spool position dertving portion 174 1s within a range from
the relative position 1n the holding state (for example, the
holding position) to the relative position that the spool 1542
has slidably moved by a pressure decreasing overlapping
distance (idling position at the pressure decreasing opera-
tion) than in a case where the relative position of the spool
1542 1s out of the range. In other words, the second control
portion 17f1ncreases the control flow-rate (flow-rate per unit
time) to the pilot chamber R11.

It 1s noted here that the pressure increasing overlapping
distance means the distance from the holding position to the
1dling position at the pressure increasing operation under the
spool 1542 being overlapping (both ports PT13 and PT14
are closed thereby). The pressure decreasing overlapping
distance means the distance from the holding position to the
1dling position at the pressure decreasing operation under the
spool 15a2 being overlapping.

It 1s noted here that the responsiveness priority control by
the second control portion 17f may be a control 1n which the
control amount of the pilot pressure (input pressure) is
progressively decreased or increased according to the brak-
ing target hydraulic pressure. For example, the control
amount may be calculated by multiplying the braking target
hydraulic pressure by the gain which 1s set at a large value,
as the deviation between the braking target hydraulic pres-
sure and the actual hydraulic pressure becomes large.

The switching portion 17g switches over the control
between the excess response suppression priority control by
the first control portion 17¢ and the responsiveness priority
control by the second control portion 17/ based on the
braking target hydraulic pressure state. In other words, the
switching portion 17g switches the control over to the excess
response suppression priority control executed by the first
control portion 17¢ when the braking target hydraulic pres-
sure 1s 1n a holding state and switches the control over to the
responsiveness priority control executed by the second con-
trol portion 17/ when the braking target hydraulic pressure
1s 1n the pressure increasing state or in the pressure decreas-
ing state.

The switching portion 17¢ includes a judging portion
17¢1 which judges whether the braking target hydraulic
pressure 1s 1n the holding state or in the pressure increasing
state or the pressure decreasing state. The judging portion
1721 judges that the braking target hydraulic pressure 1s 1n
the holding state when the maximum and the minimum
values of the braking target hydraulic pressure 1n a first
predetermined time period are within a first predetermined
range, the braking target hydraulic pressure inclination 1s
within a second predetermined range, or the difference
between the number of pressure increasing operations and
the number of pressure decreasing operations of the braking,
target hydraulic pressure in the second predetermined time
period 1s within a third predetermined range. The judging
portion 17¢1 judges that the braking target hydraulic pres-
sure 1s 1n the pressure increasing state or in the pressure
decreasing state when the braking target hydraulic pressure
1s 1n a condition other than the conditions stated above. The
switching portion 17¢ may judge that the braking target
hydraulic pressure 1s in the holding state when any two or
more of the above three conditions are satisfied.

It 1s noted here that when the braking target hydraulic
pressure 1s judged to be in the holding state by the judging
portion 17g1, and that when the difference between the
braking target hydraulic pressure and the actual hydraulic
pressure 1s larger than a second judging threshold value
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(judging threshold wvalue), the switching portion 17g
switches over the control to the responsiveness priority
control executed by the second control portion 17f. Thus,
compared to the case of execution of the excess response
suppression priority control, the actual hydraulic pressure
can be approximated more to the braking target hydraulic
pressure 1 an early timing. It 1s noted that the second
judging threshold value may be set to the value same to the
first judging threshold value or larger than the first judging

threshold value.

Further, the operation of the vehicular braking device will
be explained with reference to the tlowchart shown 1n FIG.
3. The brake ECU 17 executes the program along the
flowchart per every predetermined time. The brake ECU 17
obtains the operating amount of the brake pedal 11 from the
stroke sensor 11c at the step S102. The step S102 corre-
sponds to the step for execution process by the operating
amount obtaimng portion 17a, as explained above. It 1s
noted here that as an alternative way, at the step S102, the
required braking force (or the required deceleration) may be
obtained from other systems such as for example, a pre-
crash system in which a collision 1s prevented by generating
automatically the braking force when the system detects a
high risk of collision.

At the step S104, the brake ECU 17 calculates the braking
target hydraulic pressure i1n response to the operating
amount (stoke) or the required braking force from other
system. The step S104 corresponds to the step for execution
process by the braking target hydraulic pressure calculating
portion 175.

At the step S106, the brake ECU 17 calculates the braking
target hydraulic pressure inclination which 1s an inclination
of the braking target hydraulic pressure from the braking
target hydraulic pressure calculated at the step S104. For
example, the braking target hydraulic pressure inclination
can be calculated by dividing the difference between the
previous time calculated braking target hydraulic pressure
and the this time (present time) calculated braking target
hydraulic pressure by the control cycle. Further, the braking
target hydraulic pressure inclination may be calculated as a
mean value of the previous several times calculated braking
target hydraulic pressure inclinations.

The brake ECU 17 judges at the step S108 whether the
braking target hydraulic pressure 1s 1n the holding state or in
the pressure increasing state or the pressure decreasing state
(non-holding state). The step S106 corresponds to the step
for execution process by the judging portion 17¢1. The
brake ECU 17 judges that the braking target hydraulic
pressure 1s 1n the holding state when the maximum value and
the minimum value of the braking target hydraulic pressure
within the first predetermined time period (within a first
predetermined time dating back from the current time) are
within the first predetermined range. On the other hand, the
brake ECU 17 judges that the braking target hydraulic
pressure 1s 1n the non-holding state when the condition
thereof 1s otherwise. It 1s noted that the first predetermined
range may be set to the same range with the first area.

Further, when the braking target hydraulic pressure incli-
nation 1s within the second predetermined range, the brake
ECU 17 judges that the braking target hydraulic pressure 1s
in the holding state. On the other hand, the brake ECU 17
judges that the braking target hydraulic pressure 1s 1n the
non-holding state, when the condition of the braking target
hydraulic pressure inclination 1s otherwise. It 1s noted that
the second predetermined range 1s set to the range where the
inclination 1s smaller than a gradual inclination correspond-
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ing to a slow depression speed of the brake pedal in which
the brake pedal 1s gradually depressed or released.

Still further, the brake ECU 17 judges that the braking
target hydraulic pressure 1s in the holding state when the
difference of the number of the pressure increasing opera-
tions and the pressure decreasing operations of the braking
target hydraulic pressure within the second predetermined
time period (within the second predetermined time dating
back from the current time) 1s within the third predetermined
range. On the other hand, 11 such difference 1s other than
above, the brake ECU 17 judges that the braking target
hydraulic pressure 1s in the non-holding state. The number of
pressure increasing operations and the pressure decreasing,
operations are counted as the number of this time calculated
pressure increasing operations of the braking target hydrau-
lic pressure relative to the number of the previously calcu-
lated pressure increasing operations and the number of this
time calculated pressure decreasing operations of the brak-
ing target hydraulic pressure relative to the number of the
previously calculated pressure decreasing operations. It 1s
noted that the third predetermined range may be set to the
same range with the first area.

At the step S108, the brake ECU 17 judges that the
braking target hydraulic pressure 1s 1n the holding state when
one of the above three conditions 1s satisfied. It 1s also
configured that at the step S108, the brake ECU 17 judges
that the braking target hydraulic pressure 1s in the holding
state when at least two of the above three conditions are
satisiied.

The brake ECU 17 advances the program to the step S110
and thereafter when the braking target hydraulic pressure 1s
judged to be 1n the holding state. At the step S110, the brake
ECU 17 obtains the servo pressure which 1s the actual
hydraulic pressure from the pressure sensor 26a. The step
S110 corresponds to the step for execution process by the
hydraulic pressure obtaining portion 17c.

At the step S112, the brake ECU 17 judges whether the
difference between the braking target hydraulic pressure
calculated at the step S104 and the actual hydraulic pressure
obtained at the step S110 1s greatly deviated or not. In other
words, the judgement 1s made whether the difference (abso-
lute value) 1s larger than the judging threshold value or not.

When the brake ECU 17 judges that the braking target
hydraulic pressure 1s 1n the non-holding state, then judges
“NO” at the step S108 and executes the responsiveness
priority control at the step S114. When the braking target
hydraulic pressure 1s 1n the holding state and when the actual
hydraulic pressure 1s not deviated from the braking target
hydraulic pressure by a value equal to or more than the

judging threshold value, the brake ECU 17 judges “YES™ at
the step S112. Then, the brake ECU 17 executes the excess
response suppression priority control at the step S116. On
the other hand, even the braking target hydraulic pressure 1s
in the holding state, 1f the actual hydraulic pressure 1is
deviated from the braking target hydraulic pressure by the
value equal to or more than the judging threshold value, the
brake ECU 17 judges “NO” at the step S112 and executes
the responsiveness priority control at the step S114. As
explained, the step S108 and the step S112 correspond to the
step for execution processes by the switching portion 17g¢.

The brake ECU 17 executes the excess response suppres-
s1on priority control at the step S116. The step S116 corre-
sponds to the step for execution process by the first control
portion 17e. The brake ECU 17 executes the responsiveness
priority control at the step S114. The step S114 corresponds
to the step for execution process by the second control
portion 17/
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As apparent from the explanation above, the vehicular
braking device according to the embodiment includes a
hydraulic pressure generating device which outputs an out-
put pressure by the operation of the inputted input pressure.
The hydraulic pressure generating device corresponds to a
hydraulic pressure braking force generating device A (ve-
hicular braking device) which 1s equipped with a booster
mechanism 15 (hydraulic pressure generating device) which
generates a response delay, 1n which the change of the output
pressure relative to the change of the mput pressure at the
initial stage of starting the pressure increasing or pressure
decreasing operation when the output pressure 1s intended to
be increased or decreased, 1s delayed. The hydraulic pres-
sure braking force generating device A includes a first
control portion 17¢ which executes an excess response
suppression priority control which controls the mmput pres-
sure such that the output pressure 1s within the first area
which 1s set based on the braking target hydraulic pressure,
as a reference, a second control portion 17f which executes
the responsiveness priority control that cancels the response
delay by setting the pressure increasing speed or pressure
decreasing speed of the iput pressure to be faster than that
in the excess response suppression priority control and a
switching portion 17g¢ which switches over a control
between the excess response suppression priority control
executed by the first control portion 17e and the responsive-
ness priority control executed by the second control portion
17f based on the state of the braking target hydraulic
pressure.

According to the structure above, even the response delay
of the change of the output pressure relative to the change of
the mput pressure at the 1nitial stage of starting the pressure
increasing or decreasing operation 1s generated in the
booster mechanism 15, the responsiveness priority control 1s
executed by the second control portion 17f. As a result, the
response delay can be cancelled to be able to improve the
responsiveness at the mnitial stage of starting the pressure
increasing or decreasing operation. Further, the responsive-
ness priority control and the excess response suppression
priority control can be appropriately switched over by the
switching portion 17¢g. Thus, a hydraulic pressure braking
force generating device A which can further improve the
responsiveness and at the same time achieve an excess
response suppression, can be proposed.

Further, the hydraulic pressure braking force generating
device A includes a braking target hydraulic pressure cal-
culating portion 1756 which calculates the braking target
hydraulic pressure according to the operating state of the
brake pedal 11 (brake operating member) or a demand from
other system, wherein the switching portion 17g switches
over a control to the excess response suppression priority
control executed by the first control portion 17e, when the
braking target hydraulic pressure 1s 1n the holding state and
switches over the control to the responsiveness priority
control executed by the second control portion 17/, when the
braking target hydraulic pressure 1s 1n the pressure increas-
ing state or the pressure decreasing state. Thus, the switching
over operation between the excess response suppression
priority control and the responsiveness priority control can
be surely and accurately performed based on the state of the
braking target hydraulic pressure.

Further, the switching portion 17¢ of the hydraulic pres-
sure braking force generating device A includes a judging
portion 17g1 which judges that the braking target hydraulic
pressure 1s in the holding state, when the maximum value
and the minimum value of the braking target hydraulic
pressure within a first predetermined time period are within
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the first predetermined range, the braking target hydraulic
pressure inclination 1s within the second predetermined
range, or the difference between the number of the pressure
increasing operations and the number of the pressure
decreasing operations of the braking target hydraulic pres-
sure within a second predetermined time period 1s within a
third predetermined range and judges that the braking target
hydraulic pressure 1s 1n the pressure increasing state or the
pressure decreasing state when the condition of the braking
target hydraulic pressure 1s other than the above conditions.
According to this structure, the judging portion 17¢1 surely
judges the state of the braking target hydraulic pressure.

Further, the switching portion 17g of the hydraulic pres-
sure braking force generating device A switches over the
control to the responsiveness priority control executed by
the second control portion 17f when the braking target
hydraulic pressure 1s 1n the holding state and the difference
between the braking target hydraulic pressure and the actual
hydraulic pressure 1s larger than the judging threshold value.
Theretfore, even the braking target hydraulic pressure i1s 1n
the holding state, 11 the actual hydraulic pressure 1s deviated
from the braking target hydraulic pressure, the actual
hydraulic pressure can approximate the braking target
hydraulic pressure with a good responsiveness.

In the hydraulic pressure braking force generating device
A, the responsiveness priority control executed by the sec-
ond control portion 17/ 1s a control that increases or
decreases the control amount of the input pressure progres-
sively 1n response to the braking target hydraulic pressure.
This can properly control the mput pressure based on the
braking target hydraulic pressure and eventually can prop-
erly execute the responsiveness priority control.

REFERENCE SIGNS LIST

11; brake pedal, 12: master cylinder, 13; stroke simulator
portion, 14; reservoir, 15; booster mechanism (hydraulic
pressure generating device), 15a; regulator, 15b; pressure
supply device (drive portion), 1551 ; reservoir (low pressure
source), 1352; accumulator (high pressure source), 15566;
pressure decreasing valve, 1557, pressure increasing valve,
16; actuator, 17; brake ECU, 17a; operating amount obtain-
ing portion, 17b; braking target hydraulic pressure calculat-
ing portion, 17¢; hydraulic pressure obtaining portion, 174,
spool position deriving portion, 17e; first control portion,
17/, second control portion, 17¢g; switching portion, 17g1;
judging portion, A; hydraulic pressure braking force gener-
ating device (vehicular braking device), WC; wheel cylinder

The invention claimed 1s:

1. A vehicular braking device comprising:

a hydraulic pressure generating device which outputs an
output pressure by an operation of an mputted 1mnput
pressure, wherein the hydraulic pressure generating
device generates a response delay 1n which an output
pressure change delays relative to an mput pressure
change at an 1mitial stage of starting pressure increasing
operation or at an initial stage of pressure decreasing
operation when the output pressure 1s intended to be
increased or decreased, the vehicular braking device
further comprising;:

a {irst control portion which executes an excess response
suppression priority control that controls the input
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pressure such that the output pressure becomes within
a first area set based on a braking target hydraulic
pressure as a reference;

a second control portion which executes a responsiveness
priority control that cancels the response delay by
increasing an increasing speed of the mput pressure or

a decreasing speed thereof more than the increasing
speed of the mput pressure or the decreasing speed
thereol at the excess response suppression priority
control; and

a switching portion which switches over a control
between the excess response suppression priority con-
trol executed by the first control portion and the respon-
stveness priority control executed by the second control
portion based on a state of the braking target hydraulic
pressure.

2. The vehicular braking device according to claim 1,

further comprising:

a braking target hydraulic pressure calculating portion
which calculates the braking target hydraulic pressure
in response 1o an operating state of a brake operating
member or 1n response to a demand from other system,
wherein

the switching portion switches over the control to the
€XCess response suppression priority control executed
by the first control portion when the braking target
hydraulic pressure 1s 1n a holding state and switches
over the control to the responsiveness priority control
executed by the second control portion when the brak-
ing target hydraulic pressure 1s 1n a pressure increasing,
state or a pressure decreasing state.

3. The vehicular braking device according to claim 2,

herein the switching portion includes a judging portion,
herein

the judging portion judges that the braking target hydrau-
lic pressure 1s 1n the holding state when at least one of
a condition that a maximum value and a minimum
value of the braking target hydraulic pressure 1n a first
predetermined time period are within a first predeter-
mined range, a condition that a braking target hydraulic
pressure inclination 1s within a second predetermined
range and a condition that a difference between a
number of pressure increasing operations and a number
of pressure decreasing operations 1n a second prede-
termined time period 1s within a third predetermined
range 1s satisfied and judges that the braking target
hydraulic pressure 1s in the pressure increasing state or
the pressure decreasing state when none of the condi-
tions are satisfied.

4. The vehicular braking device according to claim 1,
wherein the switching portion switches over the control to
the responsiveness priority control executed by the second
control portion when the braking target hydraulic pressure 1s
in the holding state and at the same time when a diflerence
between the braking target hydraulic pressure and an actual
hydraulic pressure 1s larger than a judging threshold value.

5. The vehicular braking device according to claim 1,
wherein the responsiveness priority control executed by the
second control portion 1s a control that increases or
decreases a control amount of the input pressure progres-
sively 1n response to the braking target hydraulic pressure.
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